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Introduction 

Rapid methods for analyzing coke-oven benzene-toluene-xylene (BTX), 
benzene-toluene (BT) and benzene fractions for minor components are  necessary 
t o  supplement purif icat ion processes for improving the qual i ty  of the  benzene, 
toluene, and xylene fractions of l i g h t  o i l .  
methods for removing sulfur-containing compounds and other impurities from BTX 
and BT fractions,  it was suspected t h a t  catalyst  poisoning and the formation 
of undesirable res ins  were caused a t  l e a s t  in p a r t  by cyclopentadiene, which 
occurs i n  such fractions when they are  f i r s t  collected. Since cyclopentadiene 
dinierizes easi ly ,  a method of analyzing for both the monomer and t h e  dimer was 
desired.. Along with the investigation of purification processes, one of t he  
recurring analytical  problems i n  our laboratory is  t h e  determination of t race 
impurities in refined l i g h t - o i l  products. The cyclohexene, cyclohexane, and 
methylcyclohexane contents of benzene were of part icular  i n t e re s t .  

(1,10,13) and dicyclopentadiene (643) have been reported. 
maleic anhydride reaction (3,9) is u t i l i zed  have been published. 
sat ion reaction between cyclopentadiene and aldehydes or ketones t o  form nigliiy 
colored fulvenes has been used for the quantitative determination of cyclo- 
pentadiene and dicyclopentadiene i n  hydrocarbon mixtures (7) .  
involve saponification (2) and bramination (5,U) have been investigated. 
Infrared (11) and u l t r av io l e t  (8,14) spectrophotometric techniques have been 
published for determining cyclopentadiene and dicyclopentadiene i n  hydrocarbon 
mixtures. Various procedures, including mass spectrometry and infrared spectros - 
copy, can be used t o  determine the  paraffin content of aromatic hydrocarbons. 
The t o t a l  praff in  content of benzene is obtained by the ASTM sulfonation procedure 

During the  investigation of 

Colorimetric methods f o r  detecting and determining cyclopentadiene 
Methods i n  which a 

The conden- 

Techniques t h a t  

D851-47. 

Most of these methods are complicated by d i f f i c u l t i e s  associated with 
Interfer ing compounds, lengthy analysis times and, in some instances, poor sensi-  
t i v i t y .  
spec i f i c  paraffins.  
are much too d i f f i c u l t ,  if not impossible, for use i n  the hydrocarbon concen- 
t r a t ion  ranges of part icular  i n t e r e s t  i n  this investigation. 

The ASTM method f o r  paraffins is not applicable t o  the  analysis of 
Mass-spectrometric and infrared spectrophotometric methods 

The purpose of this paper is t o  describe the apparatus and materials 
used I n  developing gas-liquid chromatographic methods of analysis for determining 
(1) cyclopentadiene and dicyclopentadlene i n  EM and BT fractions,  and ( 2 )  
cyclohexene, cyclohexane, and methylcyclohexane i n  benzene. 
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Experimental 

Apparatus 

The instrument used w a s  the  perkin-Elmer Corporation Model 154-B Vapor 
A 0-10 mi l l ivo l t  recorder (beds-Northrup Co.) was used for the Fractometer. 

cyclopentadiene and d icyc lopentqene  methods. 
and methylcyclohexane method, *e same instrument was converted t o  a 0-1 millivolC 
recorder. 
handling valve by means of uncalibrated Perkid-Elmer capi l la ry  pipet tes .  
was used as the ca r r i e r  gas. 
each method are  l is ted i n  Table I. 

For the cyclohexene, cyclohexane, 

Samples were introduced in to  the instrument through the l i qu id  sample- 
Helium 

The columns and standard operating conditions for 

\ 

\ 

h, 

P 

Materials 

The following reagents were used a s  standards. Phi l l ips  Petroleum 

A commercial benzene, 
Company Research Grade benzene was used in developing the  methods f o r  the analysis 
of cyclopentadiene and dicyclopentadiene i n  BTX and BT. 
containing a negligible amount of cyclohexane and methylcyclohexane a s  the only 
non-aromatic Impurities, was used in developing the method for t r ace  amounts of 
cyclohexene, cyclohexane, and methylcyclohexane i n  benzene. 
(95.6 w t  $ pure) was obtalned from the Matheson Company. The cyclopentadiene was 
prepared by depolymerizing a portion of Matheson dicyclopentadiene, fractionating 
the depolymerized product, and recovering the cyclopentadiene fract ion.  
pentadiene obtained by t h i s  method w a s  89.2 mole per cent pure, as determined by 
gas-liquid chrametography and mass spectrametry. The cyclohexene, cyclohexane, 
and methylcyclohexane were Fhl l l ips  Petrolellln Company Research Grade. 

Procedure 

The dicyclopentadiene 

The cyclo- 

Synthetic mixtures containing 0-2 weight per cent cyclopentadiene in 
benzene, 0-0.7 weight per cent dicyclopentadiene in benzene, and 0-0.5 weight per 
cent each of cyclohexene, cyclohexane, and methylcyclohexane i n  benzene were pre- 
pared. 
varied independently, and di lut ions of these mixtures were made, t o  provide 
solutions i n  which the concentrations of each component covered t h e  three concen- 
t r a t ion  ranges, 50-500, 5-50, and  0-5 parts  per million (ppm). 

In the  latter mixtures, the concentrations of the  three  components were 

W mixtures were chromatographed under the standard operating conditions. 
The gas-chromatographic data were corrected f o r  pu r l ty  of the standards, and c a l i -  
brat ion curves were prepared i n  which peek heights were r e l a t ed  t o  concentration. 
The cal ibrat ion curves were l inea r  for all compounds i n  all concentration ranges 
investigated. In measurlng the height of a peak, both i n  synthet ic  mixtures and 
i n  samples analyzed, the net height above the base l i n e  was always used. 

W i t h  the  peak-height and concentration data obtained i n  the investigation 
of the  synthetic mixtures of cyclohexene, cyclohexane, and methylcyclohexane in 
benzene, equations were derived by the method of least squares; these equations 
were used t o  calculate  the  concentrations of cyclohexene, cyclohexane, and methyl- 
cyclohexane i n  benzene. 

Results and Mscup ion  

I n  the preliminary experimental work associated with the analysis of 
BM. and BT for cyclopentadiene, a 20-microliter sample of crwie BTX w a s  chromato- 
graphed under standard operating conditions. 

' 

The resu l t ing  chramatogram, Figure 1, 
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i n  the  range of in te res t  (emergence time, 0 t o  12 d n ) ,  revealed one majar p a k  
and f ive  minor peaks. 
weight per cent cyclopentadiene i n  benzene was chromatographed under ident ical  
conditions, the retention time f o r  cyclopentadiene was very nearly equal t o  t h e  
re tent ion time of peak nqnber 1, Figure 1. 
the  chromatogram of the sample was ten ta t ive ly  identf ied as cyclopentadiene. 

When 20 microl i ters  of a solution of approximately 0 .  j 

!Be substance producing t h i s  peak i n  

To confirm t h i s  ten ta t ive  ident i f ica t ion ,  the substance producing pe,ak 
number 1, Figure 1, was trapped from the vent l i n e  of the  gas chromatograph i n  a 
t r ap  cooled i n  l iqu id  nitrogen, and the  material collected was analyzed by mass 
spectrometry. It was almost e n t i r e l y  cyclopentadiene. A very small concentration 
of an unidentified consti tuent was a l so  detected. This impurity may have had a 
retent ion time similar t o  tha t  of cyclopentadiene, but i t s  concentration was so 
low tha t  it could cause only negl igible  e r rors .  

Not shown i n  Figure 1 i s  the  remaining portion of the  chromatogram 
(emergence t i m e ,  12  t o  174 min), which revealed ll additional peaks a t t r ibu ted  
tothiophene, toluene, t h e  xylene isomers, dicyclopentadiene, and other unidentified 
const i tuents .  
method, except that  they had t o  be removed from the column before another sample 
could be analyzed. Therefore, they were removed by back-flushing the column, a 
technique that reduces the time of analysis from 175 minutes (a t  standard operating 
conditions) t o  approximately 15 minutes. m y  s l igh t  modifitrations of the flow 
system of the  instrument and a few additional manipulations of controls are  
required.  

These compounds were of no i n t e re s t  i n  t h e  development of t h i s  

Mass-Spectrometric analysis  of the cyclopentadiene used as a standard i n  
t h i s  investigation indicated the  presence of 10.1 mole per cent dicyclopentadiene. 
Because a pure cyclopentadiene standard was not available fo r  comparison, it was 
not practicable t o  determine acauatelythe pur i ty  of the cyclopentadiene used. 
However, a reasonable estimate of the pur i ty  was deduced from the f a c t  t h a t  t h e  
gas-liquid chromatogram of a 20-microliter sample of the cyclopentadiene standard 
revealed one major peak and e ight  minor peaks. None of t h e  peaks represented the 
dicyclopentadiene i n  the saq le  because the retention time of t h i s  compound is 
much greater  a t  the standard operating conditions than any consti tuent stown. No 
attempt was made, t o  ident i fy  the  minor peaks present i n  the chromatogram. 
i f  t he  thermal conductivities of the  substances representing the  minor peaks a re  
assumed t o  be equal t o  t h a t  of cyclopentadiene, the  combined unidentified impurities 
t o t a l  0.7 per cent. 
developing t h i s  method was assumed t o  be 89.2 mole per cent pure. 

However, 

Consequently, the  cyclopentadiene used as the standard fo r  

The average absolute e r ro r  obtained i n  the analysis of a ser ies  of 
synthetic mixtures t h a t  contained 0 t o  2 weight per cent cyclopentadiene was 
+ 0.01 weight per c e n t .  
by the  procedure described i s  0.05 weight per cent.  

BTX and BT for  dicyclopentadiene, a 200-microliter portion of a si l ica-gel-treated 
BT was chromatographed under the  standard operating conditions. 
chromatogrm, Figure 2, revealed four  major peaks and several  minbr  peaks. 
numbers 1, 2, 3, and 4 represent t he  benzene, toluene, xylenes, and unknown frac- 
t ions  of t he  sample. When a 200-microliter sample of a 1 . 4  weight per cent solution 
of dicyclopentadiene i n  benzene was chromatographed under the same conditions, t h e  
re tent ion time f o r  t h e  dicyclopentadiene was very nearly equal t o  the  retent ion 

The least detectable concentration of cyclopentadiene - 

In  the preliminary experimental work associated with the analysis of 

The resul t ing 
peak 
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I 

\ 

t i a e  of peak number 4, F1ga-2 2 .  
of the sample was due, a t  ~ P % s %  i n  p a r t ,  t o  dicyclopentadiene. 

It appeared %hat This peak i n  t h e  Lrmatogren  

This ten ta t ive  ident i f icat ion was confirmed by the previously described 
The substance causing t h i s  peak gas-chromatographic mass-spectrometric analysis.  

i n  the chromatogram of the sample was mainly dicyclopentarfiene w i t h  a very small 
proportion of a c9 aromatic. 
t h a t  any error  it might cause would be negligible.  

m e  concentration of the C9 aromatic was so s m a l i  

It was necessary t o  introduce a large quantity (200 microl i ters)  of t h e  
sample i n t o  the instrument t o  obtain a measurable height f o r  peak number 4. 
though t h i s  peak appears t o  be re la t ive ly  la rge  i n  Figure 2, it was barely 
perceptible i n  the chromatogram of 200-microliter portions of several  other BT 
samples examined. 

Al- 

The chromatogram of a 10-microliter sample of the  Matheson dicyclopenta- 
diene used as the standard i n  t h i s  determination displayed one major impurity peak. 
If the thermal conductivity of the  substance causing t h i s  peak i s  assumed t o  be 
equal t o  tha t  of the dicyclopentadiene, the Matheson dicyclopentadiene is 95.6 w e i & t  
per cent pure. 
chromatogram is  caused only be dicyclopentadiene. To confirm t h i s  assumption, t h i s  
peak was trapped and analyzed by mass spectrometry. 
only traces of a Cg aromatic were ident i f ied.  

determine dicyclopentadiene i n  18 samples i n  duplicate of crude BT o r  materials 
derived from it. 
a b i l i t y  of the method is  approximately’0.001 weight per cent over the range from 
0 t o  0.3 weight per cent dicyclopentadiene. 
dicyclopentadiene by t h i s  method i s  0.01 weight per cent.  The time required f o r  
one measurement i s  approximately 10 minutes. 

This value i s  based on the assumption tha t  the  major peak i n  the 

I n  addition t o  dicyclopentadiene, 

The method developed f o r  determining dicyclopentadiene i n  BT was used t o  

The results of these analyses indicated t h a t  the  average repeat- 

The l e a s t  detectable concentration of 

In the  preliminary experimental work associated with the analysis of 
benzene f o r  cyclohexene, cyclohexane, and methylcyclohexane, a 50-microliter por- 
t i o n  of a sample of lo-benzene was chromatographed under the standard operating 
conditions. The resul t ing chromatogram, Figure 3, revealed several  peaks preceding 
the benzene peak. 
chromatographing a portion of a synthetic blend of hydrocarbons i n  benzene and 
comparing the retention-time data of the  synthetic blend with the  retention-time 
data of the sample. Figure 4 illustrates the resolution of several  hydrocarbons 
(Table 11) obtained under the standard operating conditions. 

Tentative ident i f icat ion of the  peaks was accomplished by 

To confirm the tentat ive ident i f icat ions,  the  impurities of t h e  sample 
of 1O-benzene were concentrated by progressive freezing, as described by Glick ( 4 ) .  
This procedure was necessary because t h e  impurities were i n  t h e  ppm range. 
concentrated impurities were chromatographed under the standard operating conditions, 
and the substances producing the unknown peaks were trapped as previously described 
and analyzed by mass spectrometry. 
were found t o  be n-heptane, cyclohexane, and methylcyclohexane (peaks no. 1, 2, and 
3, respectively, of Flgure 3 ) .  The minor peaks shown 
in the  chramatopam were at t r ibuted t o  small amounts of other hydrocarbon impurities. 

The 

By use of t h i s  technique, t h e  major impurities 

NO cyclohexene was detected. 

Some d i f f i c u l t y  was experienced i n  obtaining a paraffin-free benzene t o  
be used as a standard i n  the  preparation of synthetic mixtures. 
benzene was found t h a t  was almost completely paraffin-free . A commercial. 

When a 500-microliter 
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portion of t h i s  benzene ivas chromatographed under operating conditions tielscted t c  
give maximum sensi t ivi ty ,  the  chromatogram, Figure 5, revealed two small  peaks 
(peaks no. 1 and 2)  preceding t h e  benzene peak. n e s e  peaks were a t t r ibu ted  t o  
cyclohexane and methylcyclohexane, respectively, and t h e i r  concentration was found 
t o  be approximstely 2 ppm each. 

The method developed f o r  the determination of t race  impurities in benzene 
was used t o  analyze several  samples of benzene f o r  cyclohexene, cyclohexane, and 
methylcyclohexane. The results of these analyses indicated t h a t  the average repeat- 
a b i l i t y  of the method i s  approximately 1 ppm over the range of 0 t o  50 ppm and 
approximately 3 ppm over t h e  range of 50 t o  500 ppm f o r  both cyclohexane and methyl- 
cyclohexane. No cyclohexene w a s  detected i n  any samples analyzed. 
of detection f o r  each of t h e  canpounds was a p p r 6 x h a t e l y l  ppm. This value could 
probably be lowered by  u t i l i z i n g  an amplifier t o  increase the  signal fram the  de- 
t ec tor .  For t h e  concentration ranges of 50-500, 5-50, and 0-5 ppm, the standard 
deviations for the  respective compounds i n  the analysis of synthetic mixtures are 
shown in Table 111. 

The lower l i m i t  
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!Table I 

cilwmxD OPERATWC c o m m ~  

Condition Determination 
I' Cyclohexene, Cyclo- 

Cyclopentadiene McydLopentadiene hexsue, and Methyl- 

6 ft x 0.375 in. 

Beazylbiphenyls, Sil icone Stopcock on Burrell Kronnat-FB, 
24$ on Fisher 
Column Wcking Burrell Inert of mpls G-54, 208 

i n  BTg and BT inBRTxBndBT cyqLoh-e in Benzene 

Column 12 ft x 0.25 in. 

G r e a s e ,  2% on 

x) ft x 0.25 in. of 

and 14 ft x 0.25 In. 

Of 0- a d  p- of Dow Corning U-148, 25% 

Carrier on Burrell K r w t - F B  

Temperature 60 

Pressure (psig) 5 

Flow (ml/min) 210 

Detector voltage 8 

Sample Size x) (nominal) 

("C) 

1 

(volts ) 

(PI 

h> ' 

Recorder Range 0-10 

140' 100 

25 

330 

8 

20 

50 

8 



Table I1 

Campound 

n -Pentane 
2-Methylpentane 
n-Hexane 
2,4 -Dimeth ylpent ane 
C yclopentane 
2-Methylhexane 
3,3-Dimethylpentane 
3-Methylhexane 
Methylcyclopentane 
2,3-Dimethylpentane 
2,2, 4-Trimethylpentane 
3 -EXhylpentane 
n-Heptane 
1,l-Dimethylcyclopentane 
Cyclohexane 
2 -Me t h  ylheptane 
3-Methylheptane 
Methylc yclohexane 
n-Octane 
Cyclohexene 

Abbreviated Nomenclature 

n-P 
2 -MP 
n-Hex 
2,4-DMP 
CP 
2 -ME= 
3,3-DM? 
3 -mex 
MCP 
2 J 3 - W  
2 ,2 ,4-W 
3 -EP 
n-Hep 
1,l-DMCP 
CHexane 
2 -MEIep 
3-mep 
W H  
n-0ct 
CHexene 
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Table 111 

S-D DEVIATIONS OBTAINED I 3  THE ANALYSIS OF SYIVTEETIC MIXTURES OF 
C Y C L m j  C Y C L m j  AND METBYLCYCLQHEXANE IN BR4ZBXE 

Concentration Range, ppm 

C yclohexene 
I 

50-500 4.6 
5-50 0 -7  
0-5 0.1 

1 

i -  
t 
I 

1 

Standard Deviations, ppm 

Cyclohexane Methylcyclohexane 

7.7 
0.4 
0.2 

5 . 5  
0 * 5  
0 - 3  

\ 
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/ P E A U  WEIGHT.  t h e i l  divisions 

$0 - 

4 0 -  

M -  

20 - 

10 - 
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C H R O Y A T O G R A Y  O F  I' COKE-OVEN BENZENE USED A S 1  STANOARO 

FIGURE 5 


